IMPORTANCE Telemedicine in retinopathy of prematurity (ROP) has the potential for delivering timely care to premature infants at risk for serious ROP.
R ecent studies evaluating the validity of telemedicine approaches to retinopathy of prematurity (ROP) have highlighted strengths and weaknesses of remote evaluation of digital images from at-risk infants compared with clinical examination by an ophthalmologist. [1] [2] [3] [4] In the Telemedicine
Approaches to Evaluating Acute-Phase Retinopathy of Prematurity (e-ROP) study, digital images obtained from 1257 at-risk infants with birth weight (BW) less than 1251 g were graded remotely by trained nonphysician readers, using a structured study protocol. 5, 6 The e-ROP study found high sensitivity (90.0%) and specificity (87.0%) for detecting infants who warranted a referral to an ophthalmologist to consider treatment; for example, 1 or both eyes had referral-warranted (RW) ROP, defined as zone I ROP, stage 3 ROP or more, or plus disease. In a recent report, 7 e-ROP investigators presented a review by a consensus panel of ROP experts that examined 161 false-negative and 854 falsepositive images from eyes in which findings consistent with RW-ROP were noted either on diagnostic examination or grading, but not both. Based on the panel results, it was estimated that the ROP experts would agree with the clinical examination findings in 46.5% (95% CI, 41.6%-51.6%) of the false-negative cases (ie, RW-ROP found by examination but not by image evaluation) and agree with trained readers' grading in 70.0% (95% CI, 67.3%-72.8%) of the false-positive cases.
The following question is addressed in the present report. Among 447 eyes with RW-ROP on diagnostic examination, what are the characteristics of eyes for which image grading detected RW-ROP earlier than diagnostic examination (early) compared with eyes with RW-ROP detected at the same time as the examination (same)?
Methods
This is a secondary analysis of e-ROP data, an observational cohort study of 1257 premature infants conducted in 13 North American centers from May 1, 2011 , to October 31, 2013 . The e-ROP study 
Key Points
Question What types of potentially serious retinopathy of prematurity are most likely to be detected earlier on image grading than on clinical examination?
Findings Secondary analysis of data from the Telemedicine Approaches to Evaluating Acute-Phase Retinopathy of Prematurity cohort study was conducted in 191 infants to determine when image evaluation and clinical examination detected potentially serious retinopathy of prematurity. In most eyes in which serious retinopathy of prematurity was noted on image grading before it was documented on clinical examination, the image finding was consistent with the examination and/or image grading at the next session.
Meaning With increasing use of retinopathy of prematurity telemedicine in the United States and worldwide, developing standard approaches for image grading are critical.
protocol and informed consent process were approved by institutional review boards of participating centers and this secondary analysis was approved by the e-ROP Executive Committee. Infants underwent scheduled diagnostic examinations and digital imaging. Trained nonphysician readers graded images for the presence of RW-ROP. Details of results and procedures have been previously published. 6, [8] [9] [10] [11] [12] [13] 
Statistical Analysis
We compared early eyes with same eyes for BW, gestational age, and postmenstrual age at the image session and characteristics of RW-ROP components. Means were compared using a 2-sided, unpaired t test, and Fisher exact test was used for proportions. Data analysis was performed between February 1, 2016, and June 5, 2017. P < .05 was considered statistically significant. Statistical analysis was conducted using SAS, version 9.4 (SAS Institute Inc).
Results
In the e-ROP study, 246 infants (492 eyes) were included in the analysis; 138 (56.1%) were male. Among the infants (123 early, 123 same), mean (SD) BW was similar (early, 699 [172] vs same, 667 [149] g; P = .10), as was the mean gestational age (24. 8 [1.4] vs 24.6 [1.5] weeks; P = .28). RW-ROP was detected on image grading at a mean postmenstrual age of 34 weeks for early eyes and 36 weeks for same eyes (P = .01). By 34 weeks' postmenstrual age, grading detected RW-ROP in 114 (59.7%) early eyes compared with 73 (36.5%) same eyes (P < .001). Image grading noted RW-ROP in 76 (40.0%) of the 191 early eyes within 1 week of a subsequent clinical RW-ROP diagnosis, and 9% of the early eyes were diagnosed more than 4 weeks later. In the Figure, a series of retinal images from an e-ROP infant is presented in which image evaluation documented stage 3 ROP from approximately 3 weeks before it was diagnosed on clinical examination and confirmed again on subsequent examination a week later.
The ROP status on clinical examination when RW-ROP was first noted was significantly different for early vs same eyes for zone of ROP and plus disease (P < .001), but not for ROP stage (P = .39) ( , while only 42 (21.0%) same eyes had zone I ROP based on examination (eTable 2 in the Supplement). In 15 (7.9%) early eyes and 7 (3.5%) same eyes, the zone or presence of ROP could not be determined. Among early eyes, plus disease (eTable 3intheSupplement) was noted in 9 (4.7%) eyes and preplus disease was detected in 95 (49.7%) eyes, but the examination noted preplus disease in only 48 eyes (25.1%). Among same eyes, 99 (49.5%) had plus disease on examination and 45 (22.5%) eyes were graded as having plus disease on imaging. In 11 (5.8%) early eyes and 7 (3.5%) same eyes, the presence of plus disease could not be determined on image grading.
Among the 191 early eyes, the grading of image sets obtained subsequently found that 152 (79.6%) eyes were again graded as RW-ROP at the next session and also in 153 (80.1%) at the last image session. When RW-ROP was first detected by clinical examination, image evaluations agreed with examination in 166 (86.9%) of the eyes. Among early eyes, RW-ROP findings were noted on clinical examination in 90 (47.1%) eyes at the next session and in 157 (82.2%) eyes at the last image set obtained ( Table 2) .
Discussion
In this study, we examined 2 groups of RW-ROP eyes based on clinical examination from the e-ROP study: early eyes (RW-ROP There is a growing consensus of the utility of remote evaluation of images from infants at ROP risk, and steps toward validation of such a program need to be systematically developed. The shift away from clinical examination to using digital images to determine the need for an ROP examination has several advantages: the extension of ROP surveillance to regions in which examination by experienced ophthalmologists is limited; standard grading protocols; and improved imaging systems will likely enable a more reproducible and reliable provision of care to at-risk infants.
Limitations
One important consideration when comparing the imaging grading in ROP with the results of the clinical examination is that there are likely to be discrepancies between the 2 approaches, some of which can be explained by errors in clinical examination or in the image grading. One possible explanation for such discrepancies is that static observation of remotely acquired digital images and in-person examination of an infant in an intensive care unit may provide different opportunities for detecting severe ROP. In the e-ROP study, we estimated agreement with the examination in 46.5% at the next session and 70.0% at the final session of the false-positive e-ROP cases and agreement with image grading in 70.0% of the false-negative cases. 7 This finding suggests that development of standard approaches, especially as imaging technology improves, is essential for optimum care to infants at ROP risk.
Conclusions
This report supplements our understanding of telemedicine in ROP. We found that early detection of RW-ROP on image grading is likely to be early detection of severe disease and not necessarily an error in grading. There is a need to develop standard approaches to the use of digital images as this technology becomes more widely dispersed in the United States as well as other countries. It is essential that a stepwise investigation similar to that done in telehealth in patients with diabetes be undertaken. 14, 15 
